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Figure 1. Droning out.
Worker honey bees are crowded around a sealed drone cell. Drones are normally produced by
the queen, but in rare cases can be produced by workers. (Photo: Daren Eiri.)
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R281a greater potential for egg laying. They
also had enlarged mandibular glands,
the source of queen pheromone. Young
workers normally act as nurse bees and
have well developed hypopharyngeal
glands to secrete brood food. In
contrast, orphan larvae emerged as
workers with smaller hypopharyngeal
glands. They had the physical traits of
rebels: bees set to reproduce, not to
nurse. These rebels retained their
distinctive differences even after being
returned to a queenright colony. As
adults, after15days, these rebelworkers
continued to display increased ovary
activation, smaller hypopharyngeal
glands and larger mandibular glands
as compared to controls.
Thus, the reproductive physiology
of the rebels, attained during larval
development in a queenless colony, can
have persistent effects even after a new
queen emerges. This raises several new
questions. Will worker policing intensify
while the old daughters are around, and
what proportion of worker eggs will
escape the police? Even if the rebels do
not lay eggs, other aspects of their
biology may change. For one, they may
feed larvae less often than non-rebels.
They may also live longer. Workers that
are less involved in brood rearing live
longer than those that do [11], and
ovarian development is correlated with
longevity [12].
This last possibility casts a different
light on the situation, a potentially
adaptive angle. The detriment ofrebel-laid eggs could be offset by
enhanced worker longevity at a delicate
point in colony life, a gap in egg
production before the new queen is
ready. The new queen requires time to
mate and begin laying eggs. In some
cases, thismaynotevenhappenbecause
queenmatingcanbeperilous: if the virgin
queen does not return from her mating
flights and the colony cannot re-queen
itself, adult workers develop their ovaries
and lay male eggs [13]. This last gasp of
effortspreadsthecolony’sgenesthrough
male production. Rebels, still daughters
of thequeen,have theadvantageofbeing
primed for such a situation, providing
for all the twists of outrageous fortune.
The future of the story of the orphan
rebels will be fascinating to watch.References
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Signals for PolarizationNew findings reveal that, in Caenorhabditis elegans embryos, the centrosome
provides signals that induce cell polarization, independently of its function as
the microtubule-organizing center.Eisuke Sumiyoshi
and Asako Sugimoto*
The centrosome has been attracting
the interest of biologists for over100 years, but it is still an enigmatic
organelle. In most cells, centrosomes
are the major microtubule-organizing
center (MTOC), and their best-known
role is to organize mitotic spindles.
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Figure 1. Roles of centrosomes for cell polarization in C. elegans embryos.
(A) Polarization process of the C. elegans zygote. The C. elegans zygote is polarized after
fertilization. After symmetry breaking, the anterior cortex becomes covered by the actomyosin
network and PAR-3/PAR-6/aPKC complex (purple), and the posterior by PAR-1 and PAR-2
(green). (B) Three models for the signaling mechanism from the centrosome to the cell cortex
during polarization of the C. elegans zygote. Bienkowska and Cowan [10] propose that the
centrosomal signal is diffusible (right). Blue, male nucleus; orange, centrosome. (C) MTOC
reassignment during polarization of intestinal cells in the C. elegans embryo. Blue, nucleus;
purple, PAR-3–PAR-6; green, pericentriolar material (PCM); orange, centrioles. PCM is
released from centrosomes (‘plume’).
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R282The centrosome also harbors cell-cycle
regulators, such as the Cdk1–cyclin B
complex [1], Polo-like kinase [2], and
Aurora A kinase [3], some of which
are released from centrosomes to
regulate cell-cycle-dependent events
in other subcellular regions. For
example, in Caenorhabditis elegans
embryos, a signal mediated by Aurora
A kinase from centrosomes
coordinates nuclear envelope
breakdown, independent of
centrosome-mediated microtubule
organization [4,5].
Centrosomal functions, however,
are not solely dedicated to cell-cycle
regulation, as developmental rolesfor centrosomes have emerged in
the past decade. For example,
centrosomes are utilized as carriers
to segregate proteins and mRNAs
between daughter cells with different
cell fates [6,7]. Asymmetric segregation
of the mother and the daughter
centrioles is correlated with differential
cell fates — a stem cell and a
differentiated cell — in male germline
stemcells ofDrosophila [8] and in neural
progenitors ofmice [9]. Now, two recent
papers published in Current Biology
[10,11] have revealed additional
non-MTOC roles for centrosomes in the
regulation of C. elegans embryonic
development.The paper by Bienkowska and
Cowan [10] reports a role for
centrosomes as the ‘diffuser’ of the
cue for cell polarization in C. elegans
zygotes. The future anterior–posterior
axis of a C. elegans embryo is
determined according to the cell
polarity in the zygote [12], and the
initial trigger for induction of cell
polarity is the centrosome brought by
a sperm [13,14]. The signal from the
sperm centrosome disrupts the
contractile actomyosin network that
covers the entire cortex of the
zygote, which causes a cortical flow
away from the disruption site
(Figure 1A). After this symmetry
breaking, the anterior cortex of the
zygote is covered by an actomyosin
network that colocalizes with the
conserved PAR-3–PAR-6–atypical
PKC (aPKC) polarity complex,
whereas the posterior cortex
contains the RING finger protein
PAR-2 and PAR-1 kinase [15]
(Figure 1A). Based on the proximity
of the centrosome and the site of
symmetry breaking, several models
for the possible signaling mechanism
from the centrosome to the cortex
have been proposed, including
direct centrosome–cortex
interaction [14] (Figure 1B, left)
and a microtubule-dependent signal
[16] (Figure 1B, middle); in their
recent paper, Bienkowska and
Cowan [10] have now re-evaluated
these models.
These authors examined, using live
imaging, how the signal from the
centrosome is transmitted to the
cortex where symmetry breaking
occurs. The precise assessments of
the position of the sperm
centrosome revealed that, before
symmetry breaking, the sperm
centrosome randomly roams in
the cytoplasm rather than staying
near the sperm entry site.
Bienkowska and Cowan [10] then
analyzed the relationship between the
positions of centrosomes and the
induction of symmetry breaking.
Surprisingly, symmetry breaking
occurred even when centrosomes
were located far from the cortex,
indicating that centrosomes
induced symmetry breaking from a
distance — in fact, from anywhere
in the cell to the nearest cortex.
The distance between the
centrosomes and the cortex only
affected the time required to transmit
the signal.
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R283The symmetry-breaking signal
appeared to be transmitted
independently of the microtubules
emanating from centrosomes,
because the speed of the signal
transmission was unaffected by the
depletion of g-tubulin, which causes
a significant reduction of
microtubules emanating from
centrosomes [10,13]. Bienkowska and
Cowan [10] also noted that a reduction
of cytoplasmic (non-centrosomal)
microtubules, which form a randomly
oriented, dense network of short
filaments, increased the
centrosome–cortex distance.
This finding led them to propose that
cytoplasmic microtubules indirectly
contribute to the efficiency of
symmetry breaking by decreasing
the distance over which the signal
has to travel.
Taken together, as seen in the
case of nuclear envelope breakdown
induced by Aurora A, centrosomes
appear to send out diffusible signal
molecules to induce polarity
(Figure 1B, right). An important
remaining issue is the identity of the
signal that is released from the
centrosome to trigger symmetry
breaking.
In the second paper, Feldman and
Priess [11] revealed a novel function
for centrosomes in cytoskeletal
reorganization during epithelial
polarization in C. elegans embryos.
After several rounds of cell divisions,
C. elegans embryonic intestinal cells
stop dividing and undergo
differentiation to form a cylinder.
During cell polarization, the cell
surface facing the midline of the
cylinder differentiates as the apical
membrane [17]. Upon the
differentiation of intestinal cells, the
nucleus and centrosomes migrate
towards the future apical membrane
from their position near the lateral
membrane. Feldman and Priess [11]
found that, during this centrosome
migration, centrosomes lost
associated microtubules and most of
their pericentriolar material (PCM)
components carrying MTOC activities,
such as g-tubulin and CeGrip-1
(Figure 1C). At the same time, the
apical membrane became associated
with numerous microtubules and the
PCM components lost from the
centrosome (Figure 1C). Thus, during
this stage, MTOC function is
reassigned from centrosomes to the
apical membrane.Feldman and Priess [11] showed
by laser ablation of centrosomes that
centrosomes are necessary for the
apical migration of the nucleus and the
accumulation of PCM components on
the apical membrane. The polarity
protein PAR-3, which is known to
localize to lateral membrane as foci,
also migrates toward the apical
membrane during the differentiation
of the apical membrane [18]. Using
embryos lacking PAR-3 specifically in
the intestine, these authors showed
that PAR-3 is necessary for the apical
migration of the nucleus and
centrosomes, and for the accumulation
of PCM components on the apical
membrane, which indicates that these
events occur according to the cue of
PAR-3 [11].
Finally, detailed observations
revealed that, before the beginning
of centrosome migration, PCM
components formed a ‘plume’ between
centrosomes and PAR-3 foci on the
lateral membrane (Figure 1C). The
plume of a-tubulin–PCM components
became colocalized with the PAR-3
foci; then centrosomes, PAR-3, and
the plume moved together to the
apical membrane. Interestingly,
centrosomes do not need to migrate
towards the apical membrane to
release PCM components; in mutants
defective in the migration of
centrosomes to the apical membrane,
the plume of PCM components was
still released from centrosomes and
migrated to the apical membrane,
indicating that centrosomes
dispatch PCM components distantly
rather than simply serving as carriers
of PCM.
These two reports have therefore
demonstrated that, in the
developmental context, centrosomes
are not merely the carriers of
regulators; rather, they contribute to
developmental processes in more
active ways. Centrosomes release
signal molecules and PCM
components, transmitting them to
distant places in the cell to specify
body axis or to undergo differentiation.
Given that centrosomes harbor
a wide range of molecules, it is
plausible that centrosomes release
signals in other developmental
contexts as well.References
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